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Abstract: The propagation process of premixed methane/air laminar flames in a semi-closed, rectangular
narrow channel in 650 mm length, 400 mm width and 12 mm height, respectively was experimentally
studied. Focuses were placed on the effects of fuel/air equivalence ratios (¢ =0.6 to 1.2) and flame
propagation angle @ (from —90° to 90° in vertical direction) on the flame front profiles as well as non-
standard laminar flame speeds. Results show that the flame propagation process within the channel can be

divided into three stages such as thermal expansion stage, quasi-steady state propagation stage and end-wall
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effect stage, and each stage exhibits different flame-front profiles. Owing to the Rayleigh-Taylor instabili-
ties, flame fronts of the upward-propagating ones are found to show remarkably wrinkled and cellular
structures at their quasi-steady state propagation stages, for all the equivalence ratios investigated ; for the
downward-propagating flames, the cellular instabilities can be effectively suppressed at the fuel-lean con-
ditions (¢ =0.6, 0.8), while this stabilizing effect is not noticeable at both the stoichiometric (¢ =
1.0) and fuel-rich conditions (¢ =1.2). Ratio of instantaneous velocity to standard laminar flame veloc-
ity U,/U, has quite divergent features between the extra-lean (¢ =0.6) and higher — ¢ conditions. For
an upward-propagating flame (w =90°) at the former condition (¢ =0.6), U,/U, increases during the
propagation process, till touching the end of the closed-wall and ending up with extinction. Also, U,/U,
during the whole process shows a positive correlation with the flame propagation angle; however, for the
higher equivalence ratios (¢ =0.8, 1.0 and 1.2), U,/U, increases first and then decreases, while e-
ventually levels off, till touching the end walls. In these cases, ratio of averaged speeds to standard lami-
nar flame velocity U, /U, reaches its maximum value for a horizontally propagating flame (w =0°).

Key words: premixed laminar flame, flame front profile, non-standard laminar flame velocity, flame in-

trinsic instabilities, Rayleigh-Taylor instability
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Fig.4 Variation curve of U,/U, with time under different equivalent ratios and different flame propagation directions
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